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Abstract There is an urgent need to address the grand sustainability challenges of our time,
and to explore new and more responsible ways of operating, researching, and innovating that
enable society to respond to these challenges. The emergent Responsible Research and
Innovation (RRI) policy agenda can act as a catalyst towards the development of new and
more responsible research and innovation efforts. Inevitably, higher education needs to be
closely attuned to this need and agenda, by preparing students to engage in RRI efforts. This
paper makes a first step towards guiding the embedding of RRI within higher education. It
does so by bringing together academic knowledge with phronesis or practical knowledge
about what should be done in an ethical, political, and practical sense. It draws on a literature
review and on the reflective practices of partners in the European Commission funded project
EnRRICH (Enhancing Responsible Research and Innovation through Curricula in Higher
Education), as well as on interviews and case studies gathered as part of the project. The paper
suggests elements, especially design principles and a competence framework, for (re)designing
curricula and pedagogies to equip higher education students to be and to become responsible
actors, researchers, and innovators in a complex world, and to address grand sustainability
challenges. In addition, this paper proposes that contemporary higher education teaching and
learning policies and strategies, especially those promoting neoliberal agendas and marketized
practices, need to adopt a more responsible and responsive ethos to foster the renewal of higher
education in times of systemic dysfunction.
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Introduction
We live in a turbulent age characterized by grand sustainability challenges—increasingly
referred to as the Anthropocene (e.g., Gibson et al. 2015). According to scientists, it is a
time when the functioning of the ecosystems and the well-being of people are at risk, and
adequate responses are needed to address complex and ambiguous issues like climate
change, resource scarcity, financial crisis, social injustice—just to mention a few (e.g.,
Crutzen 2002; Kates et al. 2001). Those global challenges represent persistent problems in
our society. In order to respond to those challenges, scientists recommend exploring new
pathways beyond the growth-based economic model driving our societies, and call for
planetary stewardship and for a societal transition towards more responsible ways of
relating to people and planet, and of operating, researching, and innovating (Brito and
Stafford-Smith 2012; Steffen et al. 2011; the Royal Society 2012). Scientists emphasize,
also, the need for a new contract between science and society which encourages greater
connectivity between the academic community and the rest of society (e.g., Brito and
Stafford-Smith 2012; Gibbons 1999). Inevitably, higher education (HE) needs to be
closely attuned to this changing time, given its pivotal role in assisting students to navigate
through the uncertain and “supercomplex” world we live in (Barnett 2000). However, as
suggested by Sterling et al. (2013), there is a fundamental mismatch between the purposive
and operational norms of HE as reflected and practiced by most higher education institu-
tions (HEIs) in Europe and beyond, and the conditions of complexity, uncertainty, and
unsustainability that we as a global society face, and that our graduates will inevitably
encounter. It is argued that HE is at the crossroads, having to choose between the business
as usual path of commodification of knowledge and learning focused on the well-being of
the economy, or the innovative path of socio-ecological transition requiring new respon-
sible forms of collaborative research and learning and alternative capabilities and values
that contribute to the well-being of planet and people (e.g., Wals et al. 2016).
In parallel with this scientifically driven discussion, there is an emergent trend in the policy
arena that points at the need for research and innovation (R&I) efforts that responsibly address
the grand challenges our society is currently facing (e.g., European Commission 2011). In
Europe, this stems from a much longer standing policy drive towards bridging science and
society (e.g., European Commission 2016). A “Science and Society” action plan was devel-
oped in 2001, followed by a “Science in Society” plan in 2007 under the 7th Framework
Programme for Research and Technological Development. This has further evolved in 2010 to
a “Science with and for Society” plan which makes Responsible Research and Innovation
(RRI) a key policy area for European Research and a cross-cutting theme in Horizon 2020,
which is the European Union’s (EU) major research funding instrument. In this sense, RRI is
the latest iteration of the EU’s determination to bridge the gap between science and society, and
to align R&I outcomes with the needs and wants of 21st century society. An RRI approach
encourages R&I to be co-created from the outset among different societal actors (including
researchers, policy makers, industry representatives, civil society organizations, educators,
citizens, etc.) to respond in a responsible manner to the issues of our time (e.g., European
Commission 2016; von Schomberg 2013). Consequently, a main implication when
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considering an RRI-aligned HE is that the current and future citizens and professionals—
within the broad R&I ecosystem—need to be equipped with the capabilities to tackle grand
challenges, to participate in RRI collaborative processes, and to contribute to the development
of responsible societies.
However, initial scoping analyses reveal that, despite the relevance of RRI, there is a lack of
knowledge about how to develop RRI-oriented HE curricula and about RRI capabilities that
can be cultivated in students to be and to become responsible actors, researchers, and
innovators in a complex world (McKenna 2016; Buckley et al. 2016; Mejlgaard et al.
2016). This paper attempts to address this gap and to identify elements in curricula design
that can facilitate HE transition towards becoming more responsible and responsive. Those
elements are distilled by bringing together scientific or technical knowledge with phronesis, a
form of practical wisdom about what should be done in an ethical, moral, and political sense,
in certain circumstances (Peters and Wals 2013). It should be emphasized that this study is
exploratory and broad in nature; it makes a first step in understanding how to reorient HE to
prepare students to engage in RRI. The analysis includes both Bachelor and Master levels of
HE. Following the introduction, this paper includes five sections. First, it describes the
approach of this study. Second, it discusses philosophical perspectives upon which this study
is grounded as well as relevant insights and frameworks from the educational field. Third, it
introduces a definition of RRI in higher education curricula and key elements for re-designing
curricula in HE, including educational design principles and an RRI competence framework.
Fourth, it provides policy considerations, followed by conclusions.
Approach of the study
This study is developed within the context of the “Enhancing Responsible Research and
Innovation in Curricula of HE” (EnRRICH) project. This is a European Commission (EC)
funded project which, as well as the authors, includes HE educators, scientists, non-
governmental and civil society representatives from Europe, and advisors from all over the
world. This study approaches the task of enhancing RRI through HE, at both Bachelor and
Master levels within a European context, not solely as a scientific and technical endeavor.
Rather, it recognizes that this is a complex task that can be related to diverse educational,
political, and practical contexts that requires ethical considerations and that can challenge
routines in HE practices. Therefore, this study embraces epistemological pluralism (Miller
et al. 2008), and it intentionally interweaves different ways of knowing and forms of
knowledge. Especially, it attempts to integrate available scientific or technical knowledge with
what Aristotle called phronesis.
In order to develop phronesis and incorporate scientific or technical knowledge, this study
embraces an action research approach (e.g., Reason and Bradbury 2006). Action research is
appropriate for this study because it is centered on producing practical knowledge rooted in a
participatory worldview and on concrete actions for experimenting with change (Reason and
Bradbury 2006 pp. 1–14). It thus implies the engagement of multiple and situated ways of
knowing supported by the exploration of new ways of doing in the pursuit of practical
outcomes. Over 18 months, the co-authors, alongside EnRRICH consortium partners, have
engaged in an iterative and collaborative journey of reflection and action, supported by data
collection and analysis through which they attempted to make sense and to foster RRI in and
through HE at Bachelor and Master levels within their own institutions.
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A literature review was completed initially to gain insights about RRI from a scientific,
philosophical, and ethical perspective (Tassone and Eppink 2016) and from a teaching and
learning policy perspective (McKenna 2016; O'Mahony et al. 2016). This in turn informed the
educational practices and pilots of the EnRRICH partners. The data collected and the expe-
rience gained throughout the project was interpreted through a process of thematic analysis to
describe educational and pedagogical elements that can inform the uptake of RRI in HE. The
thematic analysis is performed in various stages according to Boyatzis (1998). Firstly, samples
from multiple sources have been selected and analyzed. Samples included: (a) text from
Stilgoe et al. (2013, p. 1570–1573) and from Kupper et al. (2015, p. 19–38) providing
scientific (the former) and practical (the latter) insights about relevant processes and capabil-
ities in RRI contexts; (b) text from transcribed semi-structured interviews with educational
stakeholders in 11 HEIs in Europe which were performed by EnRRICH partners to inform the
pilots; (c) text describing RRI-related educational promising practices, i.e., 22 modules and
programs, collected by EnRRICH partners and also used to inform the pilots (Living Knowl-
edge 2016); (d) practices and pilots performed by EnRRICH partners attempting to foster RRI-
oriented education and pedagogy.
Secondly, the data was inductively encoded by two co-authors. In this approach, data from
sample a), and from a subsample (a randomly selected part) of samples b) and c) was reduced
first into an outline. Subsamples were identified in order to make the coding effort manageable
and efficient given the large amount of data available (see Boyatzis 1998 pp. 60). Then, the
information in the outline was organized into overarching themes which captured, within and
across the data available, repeated patterns of meaning in the RRI-oriented educational
elements. In order to ensure reliability, the coders worked independently of each other. The
second coder applied the codes to the selected sample and subsample following the full
encoding of the data by the first coder. Few divergences that were present were resolved
through discussion. Additionally, a cross-validation was performed by applying the codes and
generated themes to the remaining part of subsample b) and c). However, this cross-check did
not bring new insights. Finally, the generated codes and themes were presented to EnRRICH
partners, who analyzed them in light of the practical knowledge gained through their practices
(sample d). Although no major modification in themes was required, this analysis contributed
to a more nuanced understanding of the themes and led to the elaboration of a narrative
supporting the description of the elements for educational design and pedagogy.
A responsible research and innovation perspective
Understanding “responsibility” in research and innovation
This section introduces the philosophical perspective taken when approaching RRI, and upon
which we have grounded this study and the elaboration of elements for (re)-designing an RRI-
oriented curricula introduced in this paper. Saying that R&I should be conducted with a sense
of responsibility is something that not many would contest. RRI “intuitively feels right in
sentiment, as an ideal or aspiration” (Owen et al. 2013, p. 27). While RRI may be easy to
endorse, however, it may also raise questions about what being responsible entails within R&I
practices. The notion of responsibility can be approached differently depending on the
viewpoint adopted (e.g., Grinbaum and Groves 2013). From a consequentialist viewpoint,
responsibility is mainly interpreted as accountability or liability. Within this viewpoint, the
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researcher or innovator is meant to be accountable, and therefore responsible, for the outcomes
of the practices undertaken. In this sense, responsibility implies the capability to use past and
present knowledge to understand, and at best to predict, the impact of one’s endeavors. The
first issue here is that when the outcomes of one’s endeavors are negative and do harm due to
unforeseen events, and if the actor does not have full knowledge at the time of acting and his/
her intention is not harmful, then the actor cannot be considered culpable for negative
unforeseen outcomes. A second issue arises from linking responsibility to individual’s specific
roles. For example, a researcher’s responsibility can be reduced to “producing reliable
knowledge.” In this context, acting responsibly and ethically is about playing properly within
the context of one’s role and the rules of an established game. Notice that the morality and
ethics underlying the game are not being questioned here. In other words, this conception of
responsibility linked to a specific role does not include a broader morality and social
responsibility towards humanity and the world (e.g., Grinbaum and Groves 2013) and the
non-human and more-than-human world (Taylor and Hughes 2015; Reinertsen 2016).
This consequentialist notion of responsibility, still present in our society, emerged
in classical times and evolved over time. It reflects a context where people live close
to one another, their actions mainly impact on their immediate surroundings and rarely
have irreversible impacts on the world at large and on the future (Owen et al. 2013,
p. 36). But times have changed dramatically. Today we live in a globalized society
characterized by an emerging complexity and severe grand sustainability challenges
including climate change, toxification of water, air, soils, and human bodies, rising
inequity, and displacement. The knowledge developed about these manifestations of
global systemic dysfunction (Lotz-Sisitka et al. 2015) is contested, and while it
answers certain questions, it also poses new queries and dilemma that add to our
sense of uncertainty. Furthermore, the outcomes of R&I practices do not evolve in a
simple, linear fashion. Predicting with certainty possible impacts is difficult, if not
impossible. And accountability for those impacts cannot be easily traced back. Addi-
tionally, R&I endeavors involve multiple actors. Knowledge is thus co-produced.
Actions and implications are systemic therefore responsibility is not an individual
affair based uniquely on role responsibilities of selected actors. Rather, it is a shared
and collective process.
It can be argued, as several scholars do (e.g., Adam and Groves 2011; Grinbaum and
Groves 2013; Owen et al. 2013; Stilgoe et al. 2013), that the challenges of our time
require a broader notion of responsibility, one that: aligns with the complex society of
today, that acknowledges the importance of knowledge while accommodating its limita-
tions, that allows for a deeper reflection about ways of doing and being, and also allows
for the cultivation of social values and for socially and planetary relevant responses.
From this more prospective viewpoint, the notion of responsibility includes new dimen-
sions such as care and responsiveness, which are especially value-based and response-
driven (e.g., Noddings 2005; Grinbaum and Groves 2013; Jonas 1984; Pellizzoni 2004).
The challenging conditions of our time call for human values that return us to our basic
obligation to care for others and the earth, and to permeate our endeavors with that sense
of care, within and beyond the specific role one plays in society at a given point in time.
As suggested by Adam and Groves (2011, p. 17), care “can provide us with ethical
resources that can guide us in the face of uncertainty.” The implication is that a new
paradigm is needed and new ways of operating and educating should be explored to
enhance societal and planetary RRI efforts.
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(Responsible) research and innovation through higher education
This broad notion of responsibility is inspiring emergent work on RRI within various contexts.
For example, RRI-related frameworks and insights are developed within the policy context
(e.g., von Schomberg 2013), the science of technology context (e.g., Stilgoe et al. 2013), and
the context of stakeholder practices in society (e.g., Kupper et al. 2015). Given the lack of
knowledge about how to foster RRI within a HE curricula and pedagogy context, a crucial
remaining question is related to what and how to teach future generations, and what are new
approaches for (re-)designing academic curricula that allow for the embedding of a broad
notion of responsibility. Before addressing this question through our study, it is important to
point out that, without referring specifically to the notion of RRI, educational scholars have
already proposed models and insights for the development of curricula that include a culture of
responsibility (e.g., Barnett 2000; Boyer 1990; Brew 2003; Fanghanel and Cousin 2012; Fung
2017; Griffiths 2004; Wals et al. 2016). Those efforts argue that in the contemporary world,
characterized by uncertainty, contestability, unpredictability, and by what Barnett (2000)
defined as “supercomplexity,” HE cannot confine itself only to transmitting and receiving
bodies of predefined disciplinary knowledge, while curricular interventions cannot be seen
merely as a technical endeavor. Rather, contemporary education and curricula should reflect
the same cross-boundary, engaged, ethical, critical, and overall more responsible inquiry and
innovation processes that researchers and stakeholders are called upon to undertake in our
current society.
When it comes to the connection between research and education, as suggested by Healey
(2005 p. 68), students are likely to gain most benefits from research when they are actively
engaged in it, through for example inquiry-based processes. An expansive view of academic
scholarship sees HE as being also engaged in scholarship of application described as the
responsible application of knowledge to address significant problems (Boyer 1990 p. 21).
Brew (2003) drawing from Boyer (1990) identifies the need to cultivate a sense of community
and to develop communities of practice. Through such communities, students, academic, and
other actors, become legitimate participants who build knowledge within a social context.
When it comes to the connection between responsible innovation processes and education,
Wals et al. (2016) suggest a praxis-oriented learning process that supports students to “walk the
change.” Central to this approach is a cyclical iterative journey of reflection and action:
engaging learners in understanding why things are the way they are (current state), what keeps
them from changing (maladaptive resilience), how things should be (more desirable state),
what needs to be done to bring about change, trying out new ways of doing things, learning
from the experience, and re-entering the cycle until a more desirable state has been reached.
Last, it is crucial to refer to the work of Barnett (2007) which explicitly highlights the need to
interweave knowledge (epistemology) and action (praxis) with being (ontology). It is through
their being that students come into relationship with what they encounter, get to understand the
world and to act in a certain way. Barnett (1995) highlights the need to identify a more
adequate notion of competence to inform curricula, which not only focuses on gaining mastery
within a discipline (academic competence) and on developing the know-how to perform well
in the world of work (operational competence), but which is especially connected to the
challenges of human life and grounded in a conception of humans contributing effectively to
the life-world (life-world becoming).
Underpinning those studies is the recognition that, while each disciplinary and educational
tradition has different ways to conceptualize R&I which in turn impact curricula and pedagogy,
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deep changes are occurring in patterns of knowledge production (e.g., Gibbons et al. 1994).
Nowadays, knowledge production appears to be less tied to disciplinary boundaries and to an
exclusive focus on the academic setting and on cognitive learning. Rather, knowledge appears
to be more socially distributed and linked to cross-boundary processes, to the site of applica-
tion and to the engagement of various actors. In this sense, the divide between research efforts
attributed to academia, and innovation efforts attributed to practitioners in society, is less
evident. This new mode of knowledge production can come to life through responsible acts of
innovation within particular contexts coupled with processes of collaborative inquiry and
questioning of routines (e.g., Griffiths 2004 p. 716). We further argue that, in the context of
our study, it would be even more appropriate to expand the term knowledge “production” into
knowledge “co-creation and embodiment.” The latter term emphasizes getting to know the
world in a more relational way that allows for a deeper connection with “fellow humans” and
also with “objects,” “materials,” and non-human beings, which may be a prerequisite for
becoming more empathically responsible. Drawing from those insights and anchored in the
broad notion of responsibility highlighted earlier, this study proposes some key elements for
re-designing curricula that will be examined in the next section.
Elements for (re-)designing a responsible research and innovation oriented
higher education curricula
Working definition of RRI in higher education and elements for (re-)designing
curricula
Establishing a working definition of RRI in HE can provide educators with a foundation to develop
curricula that can serve RRI purposes. By embracing a prospective notion of responsibility while
including a consequentialist perspective, and by building on the relevant HE models and insights
discussed above, this study proposes the following working definition of RRI in HE:
“Fostering RRI in higher education curricula is about equipping learners to care for the
future by means of responsive stewardship of research and innovation practices that address
the grand challenges of our time in a collaborative, ethical and sustainable way.”
The educational fields within which this study has been performed and this definition has been
developed include technical sciences and engineering, social sciences and humanities, and especially
the interactions between them. In order to embed this definition and to advance RRI education in a
HE context, this study proposes elements for re-designing curricula, including three educational
design principles and anRRI competence framework (see Fig. 1). The educational design principles
proposed are: education for society, education with society and educating whole persons. Those
principles can be seen as building blocks to inspire development of programs and modules and
Education with society 
Educating whole persons
RRI competence 
Education for society  
Fig. 1 Elements for a RRI-oriented higher education curricula design
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provide the conditions for creating a learning environment conducive to RRI learning and the
development of an appropriate RRI competence. The RRI competence framework is comprised of a
set of competencies characterized by an interplay of knowledge, skills and dispositions and
including values.
Educational design principles
The first principle is “education for society.” The grand societal challenges of Horizon 2020 (e.g.,
European Union 2016), of which RRI efforts are part, include addressing issues related to people,
planet, and prosperity. Broadly speaking, tackling current societal issues is part of a universal
agenda for sustainable development focusing on people, planet, and prosperity, and including also
peace and partnership (e.g., United Nations 2015). Inevitably, as stated in the Lund Declaration
(2015, p. 4) “we have to enable students to address societal challenges and accommodate their
solutions for the benefit of society.” Educating students to engage with real issues can provide
them with the basis for responding to societal problems, for reflecting on what R&I should
contribute to, or at least for considering the wider societal and ecological contexts in which R&I
take place. In this sense, curricular development can be organized not only around subjects and
disciplines, but around complex real-life challenges and contexts (e.g., Savin-Baden 2000).
Problem-based learning and real-world learning (e.g., Brundiers et al. 2010; Savin-Baden 2000)
are examples of pedagogical models that can help foster an education for society. However, given
the complex and interconnected nature of real-life problems, it is crucial that pedagogical models
engage students in cross-cutting forms of inquiry. While disciplinary specialism remains relevant,
providing gateways in the curriculum for interdisciplinary inquiry can enable students to work
towards cross-fertilization of disciplinary and also practical knowledge to address complex
interconnected current challenges. This first principle connects well with other work within the
educational field, for example with the scholarship of application suggested by Boyer (1990).
The second principle, which builds upon the first one, is “education with society.” The Rome
Declaration on RRI in Europe (2014, p. 1), building on the Lund Declaration and the Vilnius
Declaration and linked to the EUCharter of Fundamental Rights, calls on all “stakeholders towork
together for inclusive and sustainable solutions to our societal challenges.”Amain implication for
an RRI-oriented HE curricula is that education needs to facilitate an interplay between academic
and societal actors to prepare students for RRI endeavors. Problem-based learning and other
pedagogies, involving students in educational practices that address real world problems, should
favor a learning process of inquiry, knowledge co-creation, and innovation which takes place in
reciprocal interaction between students and other actors. Overall, within curricula it is crucial to
create critical and constructive dialogical spaces where students can discuss multiple perspectives,
question viewpoints and routines, and produce socially robust knowledge and responses with
scientists, governmental organizations, business, and civil society. Such spaces can become a
source of collaborative, social, and trans-disciplinary learning, and have the potential to contribute
to societal transformation and sustainability (e.g., Vilsmaier and Lang 2015; Wals and Peters
2018). In this process, transmissive forms of education can decrease progressively throughout the
curricula, while more emancipatory forms of learning fostering interaction among students and
with academic and societal actors can become more evident. Additionally, while students can get
acquainted with participatory R&I processes within the classroom through, for example, case
studies and role plays, it is important that they also engage in authentic learning processes at the
crossroads between the classroom and society, and collaboratively address concrete issues in
society. This second principle of education with society connects well with the work of other
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educational scholars, for example with the “worldly” pedagogies by Fanghanel and Cousin (2012)
and the communities of practice discussed by Brew (2003), highlighting the importance of
fostering participation and critically engagingwith differences in order to address global questions.
The third principle, which builds upon the first and second ones, is “educating whole
persons.” In order to further embed a sense of responsibility through education, learning
processes that support the cultivation of (new) ways of knowing, being, and doing are needed.
RRI can be facilitated through the inclusion and juncture of, at least, three learning domains,
namely cognitive, affective, and psycho-motor learning domains (e.g., Sipos et al. 2008).
Cognitive learning, or “learning to know,” is needed in order to understand and research the
complex issues of our time, to navigate uncertainties, to experiment with, and to evaluate new
ways of addressing issues in society. Learning to know, as we describe it here, does not
exclude knowledge transfer but it especially allows for deeper or transformative learning
through which new, more inclusive and discriminating perspectives can open up (e.g.,
Mezirow et al. 2009) and new forms of disruptive thinking can be developed (e.g., Lotz-
Sisitka et al. 2015). Additionally, learning about RRI includes learning within the affective
domain, or “learning to be.” Affective capacities are required because collaborating, cultivat-
ing social attitudes and values, and nurturing a sense of care and stewardship are not merely
intellectual exercises, but a way of being and of relating to ourselves, to others, and to the
planet. Furthermore, learning about RRI includes the psycho-motor domain, or “learning to
do.” This relates to our behavior, to the tangible and physical expression of our capacities, for
example through multi-perspective communication endeavors. Learning to do, as intended
here, relates also to acts of care or disruptive forms of agency and human actions that can be
undertaken in order to question, resist, and bring change to current states of affairs and
contribute to societal transitions (e.g., Lotz-Sisitka et al. 2015). Although those three learning
domains are presented here as distinct from one another, in practice those three learning
domains need to be interwoven and challenged simultaneously (e.g., Barnett 2007), for
example through experiential or praxis-oriented learning processes that support students to
learn while “walking the change” as proposed by Wals et al. 2016.
As argued elsewhere (e.g., Fien 1997; Noddings 2005), equipping learners to care—which is
a leading element in the proposed definition of RRI in HE in this paper—implies an educational
process that involves the cultivation of affective capacities, conceptual understanding, and the
skills to act and to respond to a need, a problem, a challenge, etc. By exposing students to real-
life problems, by involving them in critical reflection, creative expression, collaborative inter-
actions and ethical considerations, as already suggested through the previous principles, those
various learning domains can be put into practice through HE. This can allow turning the notion
of care and more broadly of responsibility within R&I efforts, into a living educational process.
RRI students’ competencies to be embedded in curricula
After suggesting educational design principles, we propose a RRI competence frame-
work to inform the development of curricula enabling students to participate in RRI
processes (see Fig. 2, and text box 1). The notion of competence has been explored by
various authors with a focus on addressing societal sustainability challenges (e.g., Barth
et al. 2007; Rieckman 2012; Wals 2010a; Wiek et al. 2011). In this study, the RRI
competence is defined as an overarching and multi-dimensional competence that can be
conducive to RRI. The RRI competence comprises a set of competencies. Each of those
competencies represents a dynamic interplay between knowledge, skills, and dispositions
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connected to values, which call for learning to know, learning to do, and learning to be as
discussed above. Those competencies emerge in interaction with others and the situation
and/or environment in which activities take place (Wals 2010b, p. 149). They are
articulated across four RRI dimensions, namely anticipation, reflexivity, inclusiveness,
and responsiveness. Those dimensions are aligned to those introduced by Stilgoe et al.
(2013) and relate to those described by Kupper et al. (2015). While each competence
stands within a certain dimension, the competencies and dimensions are interlinked.
Hence, the lines between them are blurred. The dynamic interactions between compe-
tencies and dimensions help create a multi-dimensional RRI competence which can
enable RRI as intended in the definition and through the design elements already
presented.
Orientated towards addressing societal challenges, this competence framework reso-
nates with Barnett’s (1995) conception of “life-world becoming,” encouraging the
unfolding of higher order goals for both the individual and society. Furthermore, the
framework recognizes that RRI is a complex matter that can be related to diverse
contexts, subject areas, and actors. In the attempt to embrace this complexity and
diversity, the framework is context independent. It is also not exhaustive, nor prescrip-
tive. Rather, the RRI competence framework is meant as a heuristic that can inspire the
(re-)design of programs and modules in different ways. For example, relevant single RRI
competencies can inform the development of single modules within a program, while a
combination of those competencies can guide the development of other single modules
within the same program; or, while conveying basic disciplinary knowledge and research
skills in the first phase of a study program, the framework proposed here could inform
the second phase of the program; or, the framework can inspire the development of
modules that provide the conditions for engaging with multiple RRI competencies which
students themselves can choose based on their learning needs, thus fostering self-directed
learning.
Fig. 2 The RRI competence framework
High Educ
Text box 1 Description of RRI relevant competencies within each dimension
Dimension: ANTICIPATION
Including competencies in anticipating societal challenges and future implications through R&I practices
• Future-studies capabilities: understand, engage with, and appreciate concepts, methods, and applications for
exploring and managing possible futures
• Future-oriented ethical capabilities: understand, engage with, and appreciate ethical principles and their
applications when considering possible futures and anticipatory endeavors
• Pro-activity: understand, engage with, and appreciate a pro-active mind-set and action
Dimension: REFLEXIVITY
Including competencies in reflecting about contexts, ways of knowing, ways of doing, and ways of being related
to societal challenges and to R&I practices
• Self-awareness: understand, engage with, and appreciate reflexivity and self-awareness about own
dispositions, assumptions, norms, and values
• Situational awareness: understand, engage with, and appreciate awareness development concerning norms,
needs, and wants in a specific situation
• Social awareness and empathy: understand, engage with, and appreciate the feelings of another, and
awareness development concerning social needs
• Ethical thinking: understand, engage with, and appreciate ethical reflections and ethical assessment of
perspectives, endeavors, and outputs
• Disruptive thinking: understand, engage with, and appreciate disruptive ways of thinking that challenge
current status-quo and go beyond conventional ways of knowing and doing
Dimension: INCLUSIVENESS
Including competencies in involving, communicating with, collaborating with diverse stakeholders and the wider
public to address societal challenges through R&I practices
• Multi-perspective and inter-cultural communication: understand, engage with, and appreciate
communication strategies that include multiple perspectives, frames of reference, and cultures
• Participatory ability: understand, engage with, and appreciate participatory decision-making processes that
includes voices of diverse stakeholders, also the wider public and silent voices
• Trans-disciplinary collaboration: understand, engage with, and appreciate collaborative and bridge-making
efforts across disciplines, actors, and contexts
• Openness and transparency: understand, engage with, and appreciate the process of sharing information
about findings, processes, and practices while being mindful of possible restrictions in sharing information
(e.g., intellectual property rights, considerations around sensitive data)
Dimension: RESPONSIVENESS
Including competencies in coping with and responding to societal challenges and to emergent (social) needs,
values, norms, perspectives, and knowledge through R&I practices
• Navigating complexity or wickedness: understand, engage with, and appreciate complexities, uncertainties,
and ambiguities and manage a possible sense of paralysis or of being overwhelmed
• Adaptability: understand, engage with, and appreciate flexible and adaptable design and practices to cope
with emergent challenges and changes in society, revise views, and adjust the course of action
• Agency: understand, engage with, and appreciate purposive actions through which one can initiate or
contribute to change while being mindful of supportive or less supportive factors
Policy considerations
One of the challenges to equip HE students to effectively participate in RRI is the creation of
an encouraging policy environment. Some European policies incentivise an RRI approach,
however these largely relate to the European Research Area and to efforts to bridge science and
society (e.g., European Commission 2016). When it comes to European HE teaching and
learning policies, a review undertaken as part of EnRRICH (McKenna 2016) suggests that RRI
is barely referenced in European HE policy and few efforts are being made to facilitate a
transition to HE curricula which incorporate RRI elements. European HE teaching and
learning policies focus on strengthening the potential of HE to contribute to Europe’s
prosperity and growth, more recently sustainable growth, overall placing less emphasis on
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socio-ecological aspects related to the well-being of people and planet which are crucial in
fostering an education for society. For example, HEIs are considered key partners in
supporting the EU 2020 strategy to drive economic sustainable growth, and on delivering
workers for the European economy (e.g., European Commission 2010, 2011).
Collaborations between HE and other societal actors, in pursuit of excellence and regional
development, are encouraged by the EU (e.g., European Commission 2011) and can thus favor
an interplay between academia and society and overall an education with society. An emphasis
has been placed on synergies between the scientific, educational, and business world, i.e., the
“knowledge triangle” (e.g., European Commission 2011), with less mention of CSOs, the
wider public and other stakeholders. However, there is a growing recognition of the need to
orient HEIs towards becoming “civic-minded learning communities connected to their com-
munities” (European Commission 2017, p.7). The High Level Group on Modernization of
Higher Education acknowledges that Europe’s graduates require an education that promotes
inter- and trans-disciplinarity and that enables students to engage articulately as committed,
active, global citizens as well as actors in the ethical and sustainable development of our
societies, but also recognizes that European HE systems do not routinely offer this kind of
teaching experience (European Commission 2013). In spite of that, the emerging emphasis on
the role of education in fostering inclusion and equality, active citizenship, and democratic
competencies (e.g., Council of Europe 2016; European Commission 2017 p. 12), also in
response to incidences of violent extremism at the start of 2015 (e.g., European Union 2015),
may offer an opportunity for further considering the importance of educating whole persons
and for the development of competencies that can serve RRI purposes and foster care and
responsiveness towards societal challenges.
While European HE policies can be influential in terms of guiding curricula, member states
interpret and implement these policies in line with their national contexts and needs. National
policies are further distilled by HEIs to reflect their strategic foci and pedagogical traditions. A
review of national and institutional policies by EnRRICH partners (O’Mahony et al. 2016)
uncovered various policies that reference the need to make education relevant for society and
the need to connect with societal actors in line with an education with society (e.g., Higher
Education Authority 2013, Nederlands-Vlaamse Accreditatie Organisatie 2015, and Higher
Education Funding Council for England 2016), though still with a stronger focus on meeting
the needs of the labor market and enhancing global and local prosperity. There was little
evidence of incentives in academic staff recruitment and promotion criteria to support the
embedding of RRI in curricula. A main focus in academia is on rankings, productivity, income
generation, and knowledge commercialization. Staff can be requested to demonstrate engage-
ment with societal issues though this is more related to research activities and contribution to
societal debates and less so to educational activities. Lack of support at the level of institutions
as well as lack of incentives for the individuals attempting to bring RRI pedagogy and teaching
into HE remain important challenges (e.g., Mejlgaard et al. 2016).
There are changes afoot however. For example, the University of Vechta (2016) which has
developed its own competence framework for teaching and learning identifies public engage-
ment as a key outcome of education. Queen’s University Belfast (2016) emphasizes global
citizenship and awareness of social, ethical, and political responsibilities in a complex global
world. Wageningen University (2017) highlights the need for equipping students to contribute
to sustainable solutions and to take on their social, personal, and ethical responsibilities. Those
examples appear promising for fostering a RRI-oriented education as illustrated in this study.
Models exist to translate these types of policies into practice. For example, within the field of
High Educ
sustainability education, efforts are made to provide challenge-based, cross-boundary, and
transformative educational experiences (e.g., Rowe 2007). The “Science Shop” model can
enhance collaborative research practices and can link HE students and staff with societal
actors, specifically with underserved CSOs, to address questions and issues of relevance for
those organizations and society (www.livingknowledge.org). Other models also exist, e.g., Living
Labs and StartHubs. HE-related networks are also emerging, committed to enhancing collab-
orative educational R&I practices connected to real challenges, e.g., Campus Compact,
Commonwealth Universities Extension and Engagement Network, Global Alliance of Com-
munity Engaged Research, Global Universities Network for Innovation, Imagining America,
PASCAL International Observatory, and the Living Knowledge Network. Although a com-
parative analysis of effectiveness, similarities and differences among all those initiatives goes
beyond the purpose of this study, we consider those attempts as promising for supporting the
renewal of HE in the direction discussed in this paper.
Conclusions
The increasing need to respond to complex grand sustainability challenges and the increasing
relevance of the RRI policy agenda call for new and more responsible ways of operating,
researching, and innovating that enable society to respond to those challenges. This paper has
attempted to make a first step towards answering this call by exploring how to reorient HE curricula
to prepare students to navigate societal challenges and to engage in RRI. Taking an RRI perspective,
and based on phronesis next to scientific knowledge, this paper suggests aworking definition of RRI
in HE, three educational design principles, and a RRI competence framework that can inspire the
development of a RRI-oriented curricula, relevant for Bachelor and Master students. As the
experience of the EnRRICH project indicates, HEIs are able to create spaces where it is possible
to act as part of the public sphere and realize public and social values alongside building
understanding and capacities about RRI.
However, this paper also suggests that contemporary HE teaching and learning policies and
strategies, especially promoting neoliberal agendas and marketized practices, need to adopt a
more responsible ethos in order to support the RRI policy call, the embedding of a RRI-
oriented curricula, and the efforts of committed educators and emerging networks attempting
to foster new and more responsible forms of teaching and learning.
It is important for HE to focus on being relevant (e.g., connecting to real-world issues through
inquiry processes) and responsive (e.g., keeping up with changes), but it is especially important to
focus on being reflexive (e.g., considering and questioning the underlying normalized assumptions
and values of one’s endeavors) and to foster an ethics of care (e.g., considering the perspectives and
needs of others and the ethical implications of those endeavors). Through RRI, by formally adding
“responsible” to traditional neoliberal research and innovation, European policy is providing space
for critical reflection about what it means to be responsible actors, researchers, and innovators in the
midst of 21st century challenges. Such space is critical in times of global systemic dysfunction, and
can further encourage HE to rethink its public role, to respond to the challenges of our time, and to
reclaim its potential to transform society with people and planet in mind.
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